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WORKING SPECIFICATION 
MATTEL ADVANCED GRAPHIC INTERFACE CIRCUIT 


0.0 PREVIEW 


The MABIC chip will be the core of Mattel’s second 
generation TV game. As one of two custom ICs planned for 
this design, it will be responsible for generating composite 
video, controling the dynamic RAM memory, providing system 
clocking and integrating miscellaneous SSI and MSI functions 
for minimum chip count. Since the CPU selection has not 
been made at this time, this paper assumes the author's 


_ favorite, the Motorola 68000. 


1.0 POWER 


MAGIC will operate with only a4 +5 volt supply. it is 
expected that a number of power and ground pins and carefull 
chip layout will be necessary to allow proper decoupling of 
the video D/A converter. 


2.0 RAM INTERFACE 


The MAGIC chip will require direct access to a miniaum of 
16K words (16 bit) of RAM. Since the base system is 
projected to have 16K words of RAM, the CPU must also access 
this same RAM. To provide maximum CPU speed, the RAM data 
and address buses will be isolated from the CPU buses except 
during CPU accesses. fo insure maximum CPU speed the MAGIC 
chip will interleave it’s accesses with those of the CPU and 


internally pipeline data to allow immediate CPU access. iIn 


addition, the MAGIC chip will provide all RAM control 
signals (RAS, CAS, Enable, and address multiplex) and 
refresh management. The control and refresh design will 
accommodate 16K x 4 dynamic RAMs; the selected type should 


be dual sourced and is subject to Mattel Electronics 
approval. If possible, the design should also handle 64K x 


4 (256k) RAMs. 


3.0 CPU INTERFACE 
“MAGIC will provide the clock for the CPU. This clock will 


be at twice the color subcarrier frequencys 7 MHz for 
NTSC and 8.86 MHz for PAL and SECAM. These frequencies are 
the system crystal frequency divided by 2. 


MAGIC will provide two different types of interupt signal to 
the CPU over a single line (-IPL2). The first of these will 
eccur at the horizontal line rate divided by 256. Since 
both S25 and 625 line systems use nearly the same line rate 
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this will result in an interupt that occurs at nearly 60 Hz 
regardless of TV system. This interupt will be used for 
system timing functions to make games that play at the same 
speed on both 525 and 625 line systems. The second type of 
interupt will occur when the active scanning line on the TV 
screen passes a line number stored by the CPU in a MAGIC 


register. This interupt is intended primarily to allow the 
moving objects to be reused (details in the moving object 
section). Unless the second type of interupt is disabled, 


it will be necessary for the CPU to read a register to 
determine which has occured. Note that the timing interrupt 
is asynchronous with both 525 and 625 line vertical field 
rates; this means that often the timing interrupt will occur 
during the active picture and occasionaly both interupts 
will occur at the same time. 


Communication between the CPU and MAGIC is through 6 control 
lines, 16 data lines and 13 of the i? system address lines. 
The control lines are -AS, R/-W, -DTACK, -UDS, -LDS and 
-RESET. The functions of these lines are fully described in 
the 68000 literature. RAM data in and out of MAGIC and data 
communication between the CPU and MAGIC through the external 
bidirectional buffer use the same 16 data lines. In 
addition, data communication between the RAM and the CPU use 
the same bidirectional buffers. An output from MAGIC 
enables the buffers, while the R/-W line controls the 
direction. Dbviously, the RAM interface mentioned above 
must work closely with the graphics generators and the CPU 
interface to prevent conflict in the use of data lines and 
buffers. The 13 address lines are split into two groups; & 
low order (Ai through 48)and 5 high-order (Ai5 through Ali). 
the remaining 6 mid order lines (A9 through A14) are not 
available to MAGIC; they are, however, routed to the RAM 
through an external buffer (further description in the RAM 
interface section). The 8 low order lines allow selection 
within MAGIC of 256 control registers and are also passed 
through to the RAM during CPU accesses, reducing external 
multiplexing. The 5 high order lines allow decoding to 16K 
word blocks to enable the MAGIC and RAM as shown in the 
system address map. Outputs from this decoder also go 
external to the sound chip (1-16K space), cartridge (1-32K 
space), Exec ROMs (2-32K spaces) and language ROMs (2-32K 
spaces). These outputs would be the first to go ina 
pin-out crunch, since they are only saving a simple TTL 
decoder. 


4.0 TV SYNC TIMING AND CONTROL 
All system timing is derived from a 14.32 MHz fundamental 


mode crystal (17.72 MHz for 625 line systems). This crystal 
will be trimmed to 4 times the chroma subcarrier frequency 
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in NTSC and PAL systems. To allow locking the system to an 
external video source, a connection will be available to 
allow slight changes to the crystal frequency under phase 
lock control. The oscillator divided by 2 forms the CPU 
clock and divide by 2 and divide by 4 signals go to the 
video output section to generate the chroma subcarrier. 


Dividing the oscillator by 2.5 produces the pixel clock. A 
discussion of pixel size is in the graphics generator 
section, but I mention here that we are generating a full 
interlace TV signal complete with equalizing pulses and 
serrated vertical sync pulse. This is being done for two 
primary reasons. First, it will enable mixing external 
video with MAGIC generated video and second, it is expected 
that non-standard signals will suffer varying degrees of 
performance degradation as TVs use more and more digital 
signal processing. It is even possible that complete 
incompatability could result. In addition to full interlace 
the picture will be 24 rows of 40 alpha-graphic cards. Each 
card will be 6 pixels wide and 8 pixels high (‘one pixel is 
two interlaced lines high). A non-interlaced mode will be 
available under software control to improve the appearance 
of alpha characters. 


The horizontal line is 364 pixels long; of these the active 
picture is 240 pixels, blanking and sync require 75 pixeis, 
the left border is 28 pixels and the right border is 21 
pixels. In 625 line systems the left border has 735 and the 
right border has 66 pixels. Note that the left border is 7 
pixels wider that the right; this allows for the tendancy of 
TVs to cut off more of the left side of the picture and 
results in a better centered picture. To allow simplicity 
and economy in the picture generation circuits, the 
horizontal counter must have the same counter outputs for 
the active portion of the line for both 525 and 625 line 


systems. It is also desirable that the counter output 
during the blanking, sync, etc. are the same in both 
systems. ‘This can be achieved by resetting the counter to 


zero 16 pixels before the end of the left border. At the 
count of 2546, the active picture ends and the right border 
starts. For 625 line systems, the start of the blanking is 
eat 322 and the end of blanking is at 3597. At 454 the 
counter is reset to zero completing the 454 pixel line. For 
525 line systems, the counter is forced to skip from 277 to 
322; shortening the border by the required 45 pixels and 
allowing the decoders to generate blanking, sync, etc. When 
the count reaches 409 it is reset to zero completing the 364 
pixel line (45 counts were skipped at end of right border, 
409-45=364). Starting the count 16 pixels under the border 
allows 16x16 pixel moving objects to completely "hide" under 
the left border and leave only one pixel exposed on the 
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right borders; using only an & bit X location. When the 
background is in the scroll mode, the left border will cover 
an additional 6 pixels (‘one card width). 


The output of the horizontal counter is divided by 2 as a 
line alternation signal to the video output section to 
generate PAL and SECAM. This output is further divided by 
i268 to generate the timer interupt at 61.4 Hz (60.99Hz in 
625 line systems). 


The vertical counter counts 525 or 625 depending the system 
being generated. fas in the horizontal counter, it is 
convient to arrange the start of the counter and skip counts 
to simplify the decoding. In this case, the counter is 
forced to skip once during the frame for 625 line systems 
and three times for 525 line systems; fortunately, two of 
the three 525 line system skips are exactly alike from 
decode and preset standpoints. 


First, the 625 line system. Vertical blanking is 21 lines 
in each field. The top border is 535i lines in field 1 and 50 
lines in field 2, the bottom border in each field is 49 
lines and the active picture is 192 lines in each field. 
The lower 9 bits of the 10 bit vertical counter must be the 
same during the active picture lines since the same 
information is presented during each field (each pixel is 2 
interlaced lines high). Again the counter is reset to zero 
16 lines before the end of the top border allowing the 
moving objects to “hide” under the border. At line count 
208, the bottom border starts, at count 257, the blanking 
for field 2 starts, at count 278, the top border for field 2 
starts. At count 312 the counter is skipped to 512; 
resetting the low 9 bits to zero, as desired to scan the 
active lines for field 2. Count 720 brings the end of the 
active lines and start of the border. Count 769 ends the 
bottom border of field 2 and starts the blanking and sync 
for field i. Field i blanking ends and the top border 
starts at 790. At 825 the counter is reset to zero 
completing the frame (200 counts were skipped, 825-200=625). 


For S525 line systems the skip at 312 becomes a skip from 287 
to 5i2 and the reset to zero happens at 600, causing 25 
additional border lines to be skipped each place. 25 border 
lines are also skipped in each field at the end of the 
bottom border by skipping from 232 to 257 and 744 to 769. 


When the background is in the scroll mode, & additional 
lines (1 card height) become border at the top of the active 
picture in each field. Non-interlace mode is achieved by 
forcing bit 10 to remain high, causing field 2 picture and 
field 1 blanking and sync to repeat (313 lines/625 systen, 
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263 lines/525 system). MAGIC will syncronize to an external 
source by providing composite sync to an input pin. 


Decoders are provided to generate composite sync, composite 
blanking, burst gating, SECAM "bottle" and PAL "meander 
gate" burst blanking signals from the combined outputs of 
the horizontal, vertical and line alternation counters. 


VIDEO OUTPUT 


The video output section receives signals from the graphic 
and alpha generators, a pixel clock, Fec and 2 Fsc, line 
glternation (for PAL and SECAM) and PAL/NTSC/SECAM control. 
Its output, from ea primary and @ secondary D/A converter, 
are composite video for NTSC/PAL and Y and composite color 
difference for SECAM. There is also an output for use with 
an external video mixing gate. 


Two video outputs allow spliting the graphic and alpha 
generator outputs to two televisions. An application for 
this split output is two player games where the players each 
have their own display with both common and private 
information. Another application would be dual user systems 
where one group uses the graphics for a game while someone 
else uses the alpha for kitchen, den or study applications. 
Aan optional dual output modulator will be necessary to 
implement this function. Alternately, the optional unit may 
contain only the second modulator, with the original 
modulator plugging into it to provide dual outputs. Since 
SECAM uses both DACs to produce a single video output, the 
split graphics/alpha mode is not available. 


A 16 bit register controls the spliting function. The 
following assignments are made: 

bit Graphic split 

bit Alpha split 

bit H or V split 

t Graphic overlap on/off 

bit Alpha overlap on/off 
bit Graphic split on/off 
bit Alpha split on/off 
bit Alpha flip on/off 


ee be ee be CF OOF 
or 
bs. 
rr 


The 5 bits allow selection of any of the 24 rows or column 4 
through 35, depending on the sense of the H/V bit. With the 
graphic overlap off, the primary output displays the graphic 
generator output from the top down to the selected row or 
from the left across to the selected column. The secondary 
output displays the remaining graphic output. When the 
graphic overlap bit is on, the primary output displays to 
the lower (or rightmost) split and the secondary output 
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displays from the upper {or leftmost) split. Normally the 
primary output displays alpha to the alpha split and the 
secondary output displays from there. With alpha overlap 
on, the primary displays to the lower (or rightmost) split 
and the secondary displays from the upper (or leftmost) 
split. The use of upper/lower for overlap allows a display 
that has a graphic overlap, but the alpha in the overlap 
area is switched between the primary and secondary outputs. 
This alpha could be an overlay of @ map graphic showing 
private information alternatly to each player. fhe graphic 
and alpha split on/off enables the spliting functions; when 
off, full graphics and/or alpha are on both outputs. A one 
in the alpha flip bit causes the split alpha to swap outputs 
(primary to secondary and secondary to primary). This 
allows displays with the top haif graphics and bottom half 
alpha from the primary output and the reverse from the 
secondary output. 


The primary and secondary DACs will be four binary ratioced 
MOS transistors connected to sink current. Inputs to the 
DACs will also include sync, blanking, burst gate and 
NTSC/PAL control. The external gating output is asserted 
when the display color code is zero. A suitable delay is 
inserted in this signal to match it to the processing delay 
that the video generation will require. 


Background and display color outputs from the graphic 
generators select outputs from the color map registers. 
There are ié6 color map registers, each 12 bits wide. Four 
bits of each register describe the Y (luma) level. Four bits 
each describe the two color difference (R-Y and B-Y) levels. 
These are encoded as a sign bit with 3 maginitude bits. 
First the Y levels. For the background color, only the Y 
value is selected and is combined with the display Y value 
when the pixel is a moving object edge. One bit of the Y 
adjust signal indicates an edges the remaining bits are data 
used to adjust the Y value. The adjustment method varies 
depending on the mode of the graphic generator; for sore 
information see the graphic generator section. 


The selected color difference signals are passed through the 
4 pixel averagers to limit the bandwidth. The averaged 
color difference signals are then assembled with the Y 
signal to generate the required composite signal. This 
assembly is performed by dividing the color cycle into four 
quadrants. In the first quadrant, the R-Y is added to the 
Y; in the second quadrant, B-Y is added to Y; in the third 
quadrant R-Y is subtracted from Y} in the fourth quadrant, 
B-Y is subtracted from Y. The MUX and adder/subtractor that 
assemble this composite signal are clocked from the phase 
continuous Fsc and 2 Fsc signals from the timing section. 
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When PAL is being generated, the action in quadrants i and > 
are swaped on alternate lines. 


GRAPHIC GENERATORS 


First a word about pixel size. The 5.7 MHz (4Fsc/2.5) pixel 
rate was originally choosen to give a square pixel. A 
square pixel balances the resolution horizontally and 
vertically. This balance allows moving objects to be 
rotated without distortion or designer intervention. it 
also allows simpler software for drawing lines and circles 
since the construction technique used can be mirrored on the 
45 degree axis. Antialiasing algorithms can also be applied 
with ease when both axes are the same resolution. Other 
advantages are based on comparsion to the leading 
alternative, a 7.16 MHz (2 Fsc) pixel rate. With this 
higher pixel rate the pixels are no longer square, although 
this has not been aie significant problem with our current 
system which has pixels with the same aspect ratio. With a 
goal of 40 characters per line, the faster pixel rate would 
use 88 pixel characters (320 pixels/line) and the slower 
rate would use 6x8 characters (240 pixels/line). The most 
obivous difference is the 33% larger data base necessary to 
support the smaller pixels. This data problem continues to 
the on chip character ROM requiring 40% more bits for a 7x6 
matrix vs a 5x8 matrix. The 40 6x8 cards fit within the 
SMPTE “safe title area" making all cards usable vs the 
leftmost two cards being left unused for critical 
information or action. For moving object positioning, 240 
pixels plus 16 pixels “under” the border is 256 X locations 
with the square pixels. This allows an 8 bit X register. 
Coupled with an 8 bit Y register, a 16 bit register 
conviently locates an object. The alternate is a 9 bit X 
locations; requiring two register addresses and two writes to 
move the object. The finial advantage relates to "false" 
color generation. In the current Keyboard Component the 
high resolution alphanumerics, required careful pattern 
selection to avoid pixel combinations that directly or 
through harmonics created 3.58 MHz energy. The proposed 5.7 
MHz pixel rate generates 3.58 MHz energy only on the Sth 
harmonic of an 8 pixel pattern (1 on 7 off, 2 on 6 off, S on 
5 off, 4 on 4 off, and the inverse patterns). I have not 
checked, but I suspect that none of those patterns have 
large amounts of Sth harmonic energy. The result is a great 
freedom of choice in font patterns for the alphanumeric 
characters. The same freedom applies to the background and 
moving objects. With the smaller pixels, even a grey and 
white textured background can result in “false” color; it 
happens all the time on broadcast TV with striped ties and 
jackets, automobile grills and buildings with vertical 
decorations or windows. 
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BORDER 


The border is divided into four quadrants. Each quadrant 
fills a corner and has its own color assignment. The 
division between the upper left and upper right corner color 
is a vertical line starting from any X location in the 
active picture area. A similar division is made along the 
other three sides of the picture. Each of the four dividing 
points are independently variable. One 16 bit register 
specifies the colors (4 bits/color) and two more 16 bit 
registers set the dividing points (8 bits/divider). 


BACKGROUND | 


The background can be displayed in 3 modes: bit map, cards, 
and high resolution cards. 
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WORKING SPECIFICATION 
MATTEL COMBO INTEGRATED CIRCUIT 


0.0 Introduction 


The Mattel COMBO circuit contains a digital signal processor 
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meansV thay an /nTer ach ion air red /n i “sc//'Ve there” 
area between a movina obec? of the register mamber and 
a bacharenet Color "4 e bt posit Avi number. ( The effect, 

d/ operazion is to reset ‘al/ He hits of Ke register to ' 'o*) 


Ss 


| ieee 
a Ue ie ReqisTers 


RBSé - aster Ralkele 


Resistor baat Selec? 6 iS @ se of Ie 12-6; a 
re isfers, 


ConTa pina chrominance informalyon 
tér One of “the f4 irae linclad in tints and rege thar 
the pregra mmer has Chosen y 


/7 aA'splay. The Fo a3 t ehk es he 
Si mu ReLUS rin OT CAA PY isver | 
ay Liflows: 13 aYe ¢ 3 4 s 


The allached table shows examples of values ot 
if RY and BY for various cb/ors. Y chan Yan nge from 
6 Zo {e, and /F 7S coed, UA por me, LIA Y bOU2TION 
RY anit’ em t tom at ae Bard They are 
Coded i ane aslalion« 7o find He &cess~- 
wien of 2 meh et sheep jus! ad g To tke Hin 0 CVE 
digard any carry-put b 


ee ee | 


Pian eee “pe... eee 


~ RBSG Ceo) ue wr 


be 
coor =, = Y) RY) (©) YaRY +BY Y-RY Y-BY 
4 


BLACK fy e ¢ é 4 4 4 
BWE B , -3 & 3 12 9 } 
RED | & -3 13 4 3. 1¢ 
“TAN 44#i -$ 12 % io 14 
GREY GREEN 1-4 =-2 3 ae 9 
GREEN § -S -3 3 B® +45 41 
YELLOW ‘he Se dee Pes 9 is** 
WHITE 4¢ © 14 44 14 44 
GRAY 16 g@ 1¢ Bl i¢ 1g 
CYAN 9 + iL 3 16 is . 
RANGE y |) on ee eee 5 RES 
BROWN lly: i weg 4 a g 
MAGENTA 5 o* 2. ae" 2 7 
LIGHT BLUE @ 631 Ss" 5 is#¥* 9 4 
NELLOW GREEN 16 -5 -S S 4 4s 1S 
PURPLE = y , ¢- 2 41 g i “. 


* PY achally 7 bt freed  b so that Y+ery < 16 
¥% BY achatly -5S _ 4 -4 so that Y-BY < 46 
¥%¥ BY achally & b to So YtBY < 16 


MAGIC Kegislers 


KBS7, Ke ister oh” 
bits O-7: — Db ect fe | fa ttern res 


tak moving object's 
This, bi as Sie lof 1S added ) 1.4) Ge Atel f = Hern fointers 


sel —saatitisne—edeceet temps (from wees +o Sbrm the word 
ress, of te! first word of te each movin ob ee ts fel 
— esses are formed as filbwsEsAabepaot 


"tn Lo~Kes mow: 


Sits (o-1) 


i oo! el 
Pol Patt. fointenr oI 
for line count (16 lines) 
word count (2-werd fe! parton 


ii 
dine descriprors) 
Mile: Th; the repute rak te 
1$  ahessins, xs es ie kes p gl pom s borin Oh 


32- wore! bou 
in Hi-Res nm ole? 


yy ay 
| | ie : 
A ee 
toils Tl Patt Ponder anak | a at 
is SE 
SE cmeaentil 

Lynd want Casward 


eres 
x eae tee. ee ig Pp / paitern line E 
Ae ES L aes cote: Mania Paid Seek Bee _ckscriipfors) 
Mk: This abs ruires A: Res. tod a eras dh rz On 
= es oa, ord boundaries. : 


er 


MAGIC Registers 


RBS7, Register © (cont'd) wr 
Bits 8-15: Background fel Patern Siler Base Address 
This S-bit field is abucbiredaiwtt cach 
backarind card’ pe/ paltern polnfer Grom entries 
In the Background Table) ty form the word adsress 
of each backround’ eard's pe/ pallern . These. 
word aderesses are forme’ as feolows: 


pe on ES rae ts Count 
: 9 bits (8 lin es) 


Wore: This adressing reguires | background! card pe/ | pallerns 
oh Ew begin on dann Boundories, | 


MAGIC Registers 


KBS ‘sher le Back round Addpes en" 
wore Or 


, This register COn Tejas hee , . ee é, rT a 

oe Card mode , This /s the allpess of the 

Backgrtundt Table. In Bit Map _moce ; His ys. 
the attress ota tpl iword whole- screen pel. 


ll, 526 


p3 Vern. 


of a series of 49° rom S. sss Jak 
whieh form a table 2b words wide ra ff etd ge Th vs 
eehgestrbhatatoe, " Fhege BE steely 


ere 160 4 Mlarectors iwdrok wil appear on the “screen. 


Trond 


al 7 jn htt h Bsait- sepuence. 4 #0. tharafers one 


__ ee per ischebse| _ disphy. LEA ra : 
eee Thy Wiis | Table Wil be. pers re a meen 
| ns 
24 > len» "where wp ys the nsinfer 4 in the Dune Bicabss 


Sel 


MAGIC Registers 
KB97, Register % Ceontid) Ww 


sp] 
eee Alpha oe, Crabs 
Sth Sth iim 
AT. enables, aisp/a of the ‘Con Yen/s of the WV, ka AA 
r a bles He: a's pla . wage. The Aplath play will be 
Sayer apt over any qlee ‘shagey oh the screen. | 
bits 5-1@ _ AKG CRGAZLAAOT EG -— - Back round Excess 


Jn card moto fees 4 ody, thes va Le I con tans the. him ber of [6 - sete 
‘ad Hat MACIC will ass me Aare. 4 


co ey : eack row of 2-word epiries 

~-2 Pack spt age Table, After oo 40 nha ‘t 

ISP loy cards on the screen, MAGIC will skip the a 

di nated namber of /b-enty Kiveken (sacar) before ats 
at's playi'ng the _ conven’ s Pr a The yer : 


extey : 


row, 


Z-entry), 
This tcl widens the a Vinh Table (wi thon? 


increasing the semper of cards Wi'sphyed at ony are Ame}; 


nt st albws ae mi ted hori'sp scroWrn 
slering the table convents. br, other word ors poi 7 Count 


— erables 


wrispnie/ scrolling for An exlenl 4 ot an cards. 
Jf Ereess block _ = 


EAE § Back round! tae 


| word | EERIE pone t | poo 


1940 4 20} gare mere bee 
yea} | |] beets: : “mLTLL a 
ad (up te IB excess b bcks 


allowe 


MAGIC K. ” i's Ters 


RBS7, feris Ter 3 wi 


Thre 4-bit Field contains tie anmfer- of [b- word 
(32-charae7er) blocks that JTACLC A assume fave fees 
added 7% each vow of the Alpha Table. After UI spolay/'ng 
He contents of 20 Wbrd’s p form a ry of 
40 chavacTers on the SCreen, (7ACIC wi sk Ke 
designates! pnmber of b-word blrcks before at's le (4G 
the contents ef He nex? 20-whrd SCq7m ' Gis 


eftechvey Wiens the A Table (wi thou? incrers/n 


the oaplyed infrmattes), and it aftws Sor Init 
wie sero’ wi how MP V'ng the Table ton ton Ts . 


Excess blocks 


oe 6 * «& Mb words 


MAGIC Reaisters 
KBS7, Register 3 Contd) 


Bits 8-1 
Bit Map mode: 

Ju Sit Map mote , : this 4-b:t Liesd contains a 
the number of 32-word se ments that MAGIC 
will skip after displaying 60 words (240 pels) that 
describe One line of Be whele-streen pe! alvern, TAs : 
eHechively widers the pel pattern by (28 peb for 

each Excess count, anal /F enables scrolling To 
“Pai echt Rak Biciad toned Tepes a aia 
4 memory requirement of 6144 words (32~ 192), - 


norma twhvle- screen , 
pel paffern = dt Excess bhek 


Back round Excess (contZ/) 


tne 19) | SSS Oe - --- es 
ee ns aT ii: of i a ee ee ee a 


- re ead 


(op te ee Weis | 
sibved) 


MAGIC Reislers 


RBST, ReqisTer 3 (cont'd) 


i oa External Video Enable 


At” enables MAGIC 7 SyAchronly iS internal 


clock were ah erloraa! compost le Vige o signa / 
Bit i: Interlace Disable 


AL" disables video dis play Sie ld inter lacing. 
Visually the effect 1's 7p halve the iteidele Jone dn sify 
: and te /mprove He : Of PEAY ANCE of fae Aipha_tode chsplay. 


Te 4 im Backarounel Bit /ede Crab 
ATL enables Ke BitMop mode (or becky rina dp lo: 
AN ~~ “enables. the Curd nthe 3 


ee ee eS ee a suinannuanes Geena 


MAGIC Registers 
K857, RegisTer 4 


ts D-7: Bottom border Divide Psition 


Th, pi Y Field colar The pater of He kft» at 
as The M/br 0 ri s/de poryibn & 
Otome borden {i bale rier fel "( i! . a 


co/s 
916; Copesition ‘ie 
Bi +s [S; ae TAS 


: IZ SF - 7 i Border Divide Dsihen 
TArs cr field ld Facto Hie namber of Me heft t—m ost 
pel Hat has The Qfor of He ns -~ side porridy of the top 
tft porder (i.e. the First pe 


color), 
T sesihtpn / : 
Bb (Sec the aiag ram in the sian on of. 5a Bi 5. a wal 


ad REST, _— 


a Ds Bs) tity 
Thee. §-L)' Sie condaas tag atiadier of the yer amy 


— tine Yar has the color of the (ower. portion af 
the. ie _cight. berdbe, (i ei 2 Aisi line 0 fades seeoner c0/ct,), 


is | ie 


3 
a- left Sender Divide fosi tion 


ae &4; rs field contains Ke number ot the 
wpper=te esl Line that fas He abr of the wer 


/ . prion af 
eel spree ieee e. The. be hist Anes » ee 3 color, ). 
“paihien Bek ees 4 


Tiustratien ot Ls 
Border Divide s : 


MAGIC Registers 
RBS'7, Reqister 6 : Border Pale 
T Ars reqi ser consists of four 4-bif Fields, 
each of which contains an indlex to ore of He “be cobrs 
of the /lsfer thdeS Saoh field Corresponds to a portion 
of He border and it sekc?s the color for that partion. 
The neqisfer is Sorualed as follows? 


iS fz af § 7 ¢ 3 4] 


Border | Border Border Border 
Color 3 | Color 2 | Color dl | Glor 


(See description of regi sTer 5 fer a eiagram of the arrange men] 
of the cefers.) 


MAGIC Keqi sTers 


KBS7, Register Z 


This 7-bit field contains the ASCIL care 
of the character whose pel pattern will be revurned 
in peqister 8, word by nord, sr a p Sefaence aheenined 
a by the Read Back Maze (see folhwing fiel/) 


Bits 8-123 Read- Back KE fhase 


. TAis_5-bif field yap ake On Ten values, each 
corresponding fo one phase Nab four possible Alpha reat back 


modes? 

mode | phase name phase hex code 

Card Normal Card Vorma | oO 

Card Dou oi dee en 

| : ighT iE 

= : Bit ap Neral | feht 7s | i 

AS? Be Se ame ae eee es 19 

es al Sd : a 73 l/ 

Bit Hap Deuble hd df Left Th; rd 5S 

: : [S. 


Middle 
Rint % Third dD 


g, 4 


MAGIC Registers 
KES‘7 K yer § 8 Character Read ~Back Pattern (Read- on /y) 


This reqister contains te pel pattern infor mayen 

for displaying the AST character whose code was placed 

a pajatey te ASCH Code Lol of neq/sTer 7, Exh? Sefaentia/ 
reads will provide all the informaritn for the phase wipse 
code resides in The Kead-Back Phase Field of req/'ser ‘Be 


Generaysen 


Gee ol'scusss en of Character Kevaendmacek 


or PX | Z ¢ a : my, / 4 ps Sha 44 y oO AG ; J or 4 
VAL if Wy ah ais, tipey Oe, pe LAPT 2 
) ‘és ie We ed: 

RBST7, Keqi ster Z7 


a 
Bits O-l/2 = Back around rd Frieri hos 


This (24:4 Field consists of three 4b; T 
subfields , baat cme n a asplay ami level. 

The 2-bit,BiaritecMenber in cach entry of the 
Background Table will cndex one of Hese Lies 7 
a a prierity fore! anil: 2 coors bh /'TS 
par hicu/ar card, (frien ty We 1S an excep}y'on as /T 
speci fies “no prienity hevel” For colors on its card.) 


MAGIC egiste rs 
RBS, Resi ster 10 
Shift 


Bits 0-2 phghohestn CEQ Backaround X Sere 


This 3-bt Lreld contains the number of pel 
pesi tions Hat the background will be saifted 
to the a on the screen, TA#S value may ony ian 
from ODS ([1-@ ro ae than a card ucts ). 


by hype tip. xX Border Extend 
AY” causes the veettee! borderg to extend 
wate by 6 pels (i.e, a card width), This hides 
the \ank Nexposed ” by hor iy on Ta/ backs roune” shi ffs . 


Bits 4-43 Backaround Y Shift 
This 3-bi? Self conTans the number of ne 
+f sitions that te back4 ronnd will be shifted 
ord on the screen, This value may range | 
from 0 40.7 be. to Line less than a card hesgh?)._ 
Y Border Exje na 
borders to extend 
[award by § lines Ohe. a card heigh7/: [4/'s Ke 


the junk - “exposed © by verti ca/ backf round, “fle. 


MAGIC Ke islers 
B37. Kearster (0 Conta) 
shift 


Bits &- ls Alpha X Sercoh 


This Fb t fell’ contains tae number of pel 
positions that the Alpha display will be shifted 
lo Ke right on the Screen, Ths value may range 
from © 7% Ul (ne. to Lpel less than it takes be aispey 
the two wtals ASC// characters contained In a worel) 


_ Bits 12-]43 Aloha Y Shift 


Ths 3-b:% Fell contains the number of gene 
_posifions that the Mpha d's play wil be shiftec/ 
—— pwnwared on the screen, Ths valae ma range 
. her if ) 
2p eee wey: lie. To 2 less Han The iby of a 


row of Alpha caracdiers). 
“TPT TAY” causes the feft border hur billie atts : 
ty extend! inward by (2 pels lie. 2 charackr widths). 
This hides the yank “exposed " by hike horisonte/ 
Alpha shifTs. 


MAGIC Register 
RBS7, Regisfev /} (See Ascussion ot screen splits.) 


Bits 6-48 a Screen § Fa #7? 


This S-bit Keld contains the ine ov pel position 
(divided by g) of é Screen Split AZ. 


Bit 53 Alpha Screen Reverse 


ASL" means that the roles of the primary arg secondary 
screens are reversed for Alpha display. fal 


iittve UL fee | 


A “I” causes Alpha ged to end at Soli my 
on the primary screen and ro bés'n at Split MEL on the 
secondary screen. (Alpha split must be enabled) 


Bit r4  < Alpha Split Enable 


A‘|" Causes the A pha d'spla Jo tnd on Split 2 


on the primar screen and Yo aa at Split 4 
on the secondary acreen, 


MAGIC Registers 


RBS7 , Register I Coot gy) 
bits §-l2sa__ Screen ane | 


was. c-1:t dell todas. We cE er pelipesifin. 
(d vided by g of Screen Split 7, 


Si bt i Horizontal Sp | Kt 


A“)" means the Ivnes 5 pf Ting the Geiphi ardor. 
pm, screen d'sp/ay6) hiddecs Fs Bor and 
Secendary Screens ‘run horiventaly ‘D” ‘means ke 
split runs vertically, 


_ Bit. lde = Gra hic Overlap Ene 
: A‘ Causes Graphie del | % end ar ger 


the prim screen’ in a 
on the ‘Setondary Scréen. yoni “uit ay fog enab/ed. ) 


Bit 15 Lie Graphic Sp lit- Enab/e 


i Ap ve he Causes the Graphic a To end On Split * p 
oh the. primary Screen and to. Seon <n °) an ithe | | 
aE screen, id 


MAGIC Reristers 
S7, Fesisler (2 (Read-only) 


Bits O-82™ Current Line Count re 
isple 
: 740s BLT fel’ ConTE/r Ss The hamber of Hele? 
Which Be is curren?/y being refreshed on the screen, 
Reading ths & reqisver resets the interrupts, bat He 
line Cornt will not be affecta/’ 
Bit 734 Line Count Lnverru I Fhe 
° +ha 
A“)" means Hat He /nterrup?, MGI C genere 07 for 
the £38000 was Gue Fo Fhe Current Lne a malcarhg 


the value i the Interrup? Line Count f;2/d, TAIs bit 
will be reset to “BD” bikie the rejisver is vead. 


Bt l0s Kea/ Time Clock Initerrup7- Flag = 


A“)” means thar Ke /aPerrag? tha? MAGIC generale 
fpr the bF000 was te 7p Fe a “tiek' of the ke / Ime 
Clock: TAts b;t will be resey 5 ‘g° isl tis the regisver 


IS tad. | 


e-em ret wrt me oo ae er ee 


MAGIC Kegs fers 


REST, Register 13 


B; ts O- er Lnterrupt Line (pint 
TA/s q. bit Lrell eae the hamber of the 


£ enadlé 


d'splay ~ el wich mre “will ental an 
inyerenpt Sor the 66000 when - is webpestede malhed 
by the value of the Current Line Coun. 

+ 93% Line Lnrerrupl Frabse i“ 

AS)” means that /REIC dae al an inferrup 7 [6 
the b§000 when the Carreat Line Gun? matohes the 
Irterrapt Line Qux7- 

Bit [De « Real [me Check LIrlerrupe? Sab 
AT" means thal [IRGLIC , isa! pero Bn 
—interrap? 7> the C8000 upon every “tick” of The 
Real lime Meh 4 eS oe 
Bit 2: = C eo oe 
ths 2-bit Fell combos specifies which Wie 


Binoe ket Meanie rier Poe ree 
EOE coded ae Le/pws 


O 
2 
3 


MAGIC Reaiste rs 


KBS 7, feqister 13 (conta) 
Bit fos NWiamber of Lines 
A iA be jn €ans Yat The screen splay n51's7's at 


625 Ines. AO” means S25 Uyes Comprise : 
the display. : 
Bit 4% fel DeasrZy 
AS)" means that He higher of Wwe ides 
will be used and that He ay SS acTive pitare 
‘will be slhlly Swaler and! He borders sith tly wider 
B'O” means Hat the wer pe/ afer sy all be used. 
_ Bit 3 —_ KAM Sige 


i A“) means that Katt is » oped of 4K ch, dps. 
TAD aeans Wak he Bp sige lis RT 


/1ACIC Registers 
£657, Registers Ak IS: Time-Out Registers 
These Two reqislers contain sixteen 2/7 Fie (ds, 
reqisher 4 con laining te (ow order bj 7s and reqi's7er Id 
tle high order bite. Eack 2-bit field tintene > 
code specitying the hamber of WArT slates 
norma ly Involved 1 ach ESSE each 32K perition 
of memory. Bits im the gero at posi 104 per ain 70 
the first (ow) GLK ) bits sn the nex? pos) Mon fo He 
next 32K, oh. IL the namber of WAIT slaves 
exceeds the number refuired for normal access ; 
MAGIC will enerave the PIACK 2 nal sb aS 
fo avoid hang ir up the £8000. The mmber 
of WATT states alowed are ceded as follow S! 
Seer eee a ee ET! IE 
9. WAT shetes: 8 2. 1 0 


Since these values aftect the hasic func Tioning of he 
: system, SB the RESET sath (saT/on Seguence should 
wrike Het int reyisfers /4 ei /§ aS Soon as possible. 


BACKGROUND GENERATIOV - O 


A backaround screen hay consis7s of 

[9.2 tenes, eack Khe made up of ype 7ke screen OM sphy 

May be /o (cally a'vided, thi't ‘cane’, hack Card Con pris eg 

vil J aes each Ine containing & pes. Lr FArs “Card move 7, 

each p fe assignee’ A cfer ad once card C8n heave 

id scietiie of 2 ributes , in ae nee ot. resolaYion 

Qn asp 7 ae Alfervates 7) "EF tag mode ” *, the 

screen sp /ay be re ey Pores 7OAD bi thou! ao 
ne% “¢ ised Ks 0 priori t but bi FR come | 

vai and Comp lexi Ty of teh d Bian. 


Each backgrinet pees lu hick may be he 
than what Can at's p'h eyed on He seen ax bnce) I's 
deserid ; th memer by “ge/ pallern”™, pe/ a ern 
describes Ae Cofpr fad RE OF /amintrce) “f each pe e/ 
pr tric ot p a) ‘ ¢ picfure. These ee ailerns’ may 
Ca 


be on a Fee, -Car basis , as th the mn oefe, dn 
ee may be ay e entire back round picture , 2 as i'n Phe : 
Hap mode (a 
CAKD ODE 
inf the Grd mode , VAY played fee 


‘consists of 24 rows of 46 i per row. 
attern ter eack card has a cor ponding pel 
foe Is. part of the entry for each ee Av a 
le ke rbuud oi. TAA pb! fr: ferns. PORGEAD bncode. 
mamere: riuation yh. he_form required 4p hn ed Cher deb ‘ee 
meee Oh lo Fi “ch Wr, mo Lge _may. be pee in, g 
me a rior? wae é smn W er Aer SVE 
‘avid Bs bbilecr hae pass “beAind ” or n Fron “of jj 7 


BACKGROUND GENERATION 


QA bad 


Back round Ta ble ea a a 


This Tab le resiaes in Hemory aay Ty consis rf WO 


inferma7y'on 
2-word entries , each entry con Tab niin A et 


a. parti ewlar card 7» he backs rsand display. The tirs7 

YO yards entries pertain * Ye 40 cards of te 

firs? row of He display ordered lef? h right), ome he. 
next 4D entries prmnbesroet, pertain 7o Me 42 


cards ot The second row |, Sabre al 24 
rows ot tHe of sp lay. ms the descripti'ph of Les'sTer S 
of $887 tor derrils of He Bahgroed Extess (punt im 
_ Fack 2-word eahy /s- s formalley ie as Flows; 


BACKGROUND GENERATION 


where the Lields are detined as fp Nous % . 
clded 
Pel Fatfern Printer — Ths value /'S Poe eae 
the Background Rk Bitern Base Adtress (wes. L of 


kBS'7) to form the adress of the SivsT 
word ef $5 pe! pallern. These word adresses 
are Formed AS Fellows: 


lo bits 
oo, eo" — CS bits 
a woes 
Base Address\ ¢ vits for fine Coun 
rescence?” SD (8 lines) 


B bits nole. This addressing reguires card pe/ palleres 4) 


bean bn S-word boundaries 
Y Mirror — A “1 inverts ‘the order of display ing 
the vows of the pel valfern , £e, they are 


“Flipped J Ti top for be Hom. 


E x Mirror — A 1” jm Peverses the order of 

| al'sp laying the pels of eack yw of The 

pe] pattern, jie. Hey ave “Slipped” left 
for righ! 


BACKGROUND GENERATION. 


Hikes — A “I” means the pel patterns js coclec/ 
for High Resolation parse display. A aan 
it ts coded For Low esol trek proce. 
High and Loy Resolution cards may be 
mixed jn 2 olisplay.) 


| 
2%. — A" weans Scard co/brs 3 and 2 Take 


Oh a priority ay determined by the 
Card PrioriTy Index Sor this card, A “B" 
mean § card colors 3,2 and 1 take OW 


ia a_priovity level. 


| Card fri. fi —. Thrs_ts the Card rd frierity Index. 

| “Values 0,1 and 2 act as inchtes tr selec7 ene 

of He three “prioviTy hove’ available register 7 
of RBSY. The selected prierity Jeve/ becomes the 
Card Priority Level and is then available % tuo or 
three of the card colors as The/v pricrily levels. 


a ig aval ‘lable 


ee aS mG is) : a ee ve ae... ines ~ f oon Ad Se Card. 


BACKGROUND GENERATION 


Lo-Res fel Patterns — 


: The pel palferns in Low Resolution mode rovide for 
selector, of a color for eack pel sn a re. The Colors 
available or selechiou are these specrHed mm the Card 
VALS fa/e e of the assoc/a7ed entry in The Backsround Tah /e, 
Each werd has The Followrns format: | : 
| le ft ) right : : 
0 


5 ee A 2 ; 
© V 
0! ¥ | pe) ¥| pe ¥| pe/®| 90/8 | pel ¥ 
not geen P lor we Oke nie ot 
used —Jindex|ineex|inclex| index | index| inalex 
ERY 


aescribes tne 


pas word of 
Line tf a Card 


a pel paltern 


ha te, 


ou [example :) 


wae Ns 
2 ) 0 

| ig | | ” 

fel & is the /eft-mos? pel of a car& line, and pel is tHe 
righ? vost. Each 2-bit field indexes one of the four Cfors im 
the Ve ae E ack subseguen] word he ew 
describes He next fewer tne of the packs round cava, They are _ 
Brranged as fefaws: ier Bike fect © Ree es eke gies We eae os Poa 


4-Color 
Card falele | 


2 pe galtern for 3 
lo-Kes card 


BACKGROUND GENERATION 5: 


Hi~ Res Pe. Palferns 
The fle aferus in High, ResolTs py On mode pyre 


lumi nanle int dai for In a ne an 4 co/or 
ty formaym tor Adri 7a/ reap Ss ot Three al a 

time. The colors” availadye po Those spec, Ged in. the 
Palee of Me —— ents in i oe Table. 
Tht lam/nance speci fie/ may bé bne of allt wie 

(or * ‘adjus Tments Vy the absolute vale et 7 ay 

the drisinal /amjnance Y speci ted in the lal r’s nels 
vomaance Code. (These hig ay codes, are The 
¥/BY/RY values ye th the Paster lel, RBS €. 

Zach werd of tA el pailern describes One Yi We oF He 
He-Kes Card, and 1 ff jab The — formar’ 


eS ee ee ee 
Left pel trid Right pe/ trio 


4-Lo lor 
Card fale Te 


fe | g 15 the lef t-mos? p e/ of a care’s line, and » / 5 
iS the rig ht-masT- Each 2-b/t pre field sdexes ‘ane at the 
four coloré jn the Card OL and’ as oes RY for 2 Trio of 
pels. Eial subseguen? word ot The pel p — describes the 
nex]? fewer ene of the bac harem card | tas ty Lo-kes moee. 

The folleu'y Zable map tke hhmernanc pe to tke [Ain hance 
adjnstmenT accordiny to the vA value an the ChrOm/naace for the pe/s 


Colfer? Luminance cote. ran4e of Y valse_ 


q-6 2D pola 14 
es 
@/ +2 -2 -¢ 39 . 
jo +4 gia. 4: -ay /_ [ami nance ad just wen? 
// ai +4 #2 -2 


BACKEKOUWP GENERATION 6 


Col or Priori? y 


TAe relative riprit love(s ot a ri objec? 
and a bac een te pel ordine whether Tr ca abject 
aoses ape: ‘“n tron’ of _ that e/, rere 
oan jez ae se a back retina 


) ff, the fy 
with Nr priority /eye / pacts n froh7’i UF borg 


(TemS ave. the ‘Same pricrily /eve/, He back Pound pel 
sTays “in front % 


7he rior’ ty level ot the dc VI'p, 


ob; ef’ 1S ‘Sim vA 
fuel Fo The earn 0b; feel’ pthc UP adder, ‘ ave 
gy 6b; “eg has 1p be “priori 4 ant anit (orirg Ub eel” Fé 
as 19rner 


genie! /eve/, 
TAL ra iorith fevel ot & back ackapbund pel, en the pth er 
hand, results frém a spel ero ‘sedeah: H'on Lprecess whith 

may even resn/t m no fp riori? y fevel (whi'ch' 1's less prierd by 
aa 3ero). Fer 4 pel % have 2 priority. feve/, +7 mus? 


1) be part of a Card mode asp lay, 
2) have Card pin Index a / yo 5 and 


e 
oe a coer om the hated Sher fp 7,7. 


that CAn have a prierity awe 


| Tt a tard’s Card Priority Dndex ty fs Back kgrtead fat 
entry is 19) rts. <palehe. have te 


_priortt ¥ 458 0y'a Fed’ 
Wi, th Hers. Lt. Card Priority. Index’ IS Z,/orh, VA 
will inalex and yo 5 es ae Be _feve/ sp er spesialer 7 | 
: jaf RBS? andl, as$eC1.8? 1H pobrs 3 of. 
1 the | Card Ss 


me eg + Jt. te 2aPri. ed ts. OFF 

ign the... jonl4. Bae chained Tash entry, 3 He, esaree priority 
level will +9 - assoc/37ed’ with! celor 1 of Fh 
OBlesve. 


Tke Followeng rams ig + 
_pMasirale This. deihase 2 / id, eA | 


renee oman ei 6A) 7 


RB3‘] , Backs hound 
Register 7 “neh Card l Bioribes 


| a devel | wer ieee leve/ 
no priority nh eoked” n_ position o 
Ror te ened #4 fo | 


3 celfers 


or 


MN | a 
PTT diet ttt ot Lk 


1 O 


Backyronnd 3 


Table 
en Tries 
Card flee : 
word 


Pel Patterns 


(selected words 
iM strated) 
"ee ok te ce ee 
re OE 5S: Color C | | “i A: color K : : 
is level X a priori ly fevel 2 
pel As olor JT , pel >: color I 


moprierily level } hte priority leve/ 


BACKGKOUND GENERATION 


BIT MAP DE 
th the bit te meee the ba round ms, eus “a? 
Sub- vided «i th 4 <} f a 


cards , eack | paliern. Zhe 
address sn re pares at KES 7 wees pe op sinl To an 
inter meaa/e Pn? Tabie, but instead! of reel ly 7o One 
huge pel /palter: Eack anid of His pel 5 pn alese rj bes 
four +t Takes 60 Words fp clescr(be' tack of the 
/9 2 ies iH a SCIEN - 5¢5 36 ie La UF20 Words ny a. 


od og pallern sre and / “¢eldé wi Thy'n py ee 
ocescrih a se nent ly frown fet? 4p right and Hen 
from top A, bottom, of the picture, 


f e/uaste' 
fields contain an iInfex ™ kb567 fhe 7! Mot aby’ B/e/te * 
and therefore, in BitHap moe, 


Cack may be assigned” 
any one of sixteen alors, refardiess fe pier 
format for a B/7 ap pe/ pa ern sas 'folews: 


word O 


] / 
2B 
eolor| colpr| cofor| Cor} | 
tt PSE | os ase 

: | £0 words. describe : 

. | | fia et hee Tp F- 
1194p alines 


, . | 
23¢ 237 2397 ie 


CHARACTER GENE RATI OV 
ae) Te 


ack 
The of ose of Charader Generation it Te al 
qererasion of pe / paiverus for ASCIZ eharac7ers af 
a pre ny gon writes the ASCZT coce of 


the bil pelor pAtse Up ager Tern fe Wants ynto The 
sigue Code oat epi aiet df of RBS 7 M4ACIC 


e/ oi im formar Vea bac in 


23S¢S 
ronsthe § (ike Chiat bead/ Back Pater) of RBS 7 


Pees, ve kead- Back modes are availab/e whiok 


ee 8 e pel pawern ; formaryen. fov characveYr 
foe elt sie in bok IC Card and Bit Hag, aR 


splays 
Tlebe Character Read- Balk medes are! 


1) Cavd /oriual 
2) Card Deuble Widt4 


>) Bet (7. 
4) Bt Hap Double With 


Each mode consists of ene or more phases. Jt lates 
me Chu Sef ative reads af the Character we plas taDern. % 
MaIve vy the pel pallern nha osegees for Pei og we 
The rammer. m2 Kea’ 


Phase coal Sor more sntor — On ras Same CAZra 
sector le vay chan é ind ASCLL Cole for per peter ia 3 Gries 
(ws i esata character, 
a beut 8 di erent 
! We ae Cotes g 


Disylmy a 4 rh erer 
VQvyi—~ of buckgcoud, 
NO LAW were’ vj Bese - 


VidDEoTE Xx) 


1. Carag Normal mode. 


This mode Consists of one prase which provides 
iIntormahon for a card~siye (6 pels wide) e/ paffern 
conTaining the ses of ire ascir characie ; 


Phase Code ep (Card Normal) 


cessive 
: Each read alert or iF pe i peer Pa tern sige a 
word contarning rae [ne of pel palfern in the form VAULT repsired 
rn 5 i ie Pr { refaire 


or ckareund’ ca $3 


1S 12 | O 
sot used {pel @| pel | pel 2| pe! S| pel 4| pel & 


Fach 2-bit $ ha lol corresponding to a pe/ will be either || 
or OP, where Il sndicaves a. portion of the character image. 
The raat pel, pel 5, till glo/ay represent the Space befweer 
characlers , ant its fe! field wi therefore contain OF. 


Ae 
, a AA . } . > f) "y e 


Card Normal Mode example 


pel pattern words returned from read-back register y Corresponding 
word pes. Phase = Card Mormal » ASCET cade= A card display 


61913 12 Ww G 8 65432] 0 


Y Y 
ly 

VY 
Wf 


\ 


2. Card Double Width mode 


TAi's mode consists of Two phases. Together the 
rovide pe/ pairern informaton To isp lay tWe 


harac r 
“anes |two'cards ance (izpels. By cabling each se 
4 Ie pe/ alPerns , the! propromner sad any the 
norma [ pre byrtions ‘of The sharacFer. 


Phase Cote (Left' 


Ey LT LOA segurive reads yn th/'s (hase provide the 
information for the left ha/f of the character jmage, 
Each vead provides a word in Tae formal for Backhand 
cards! 


Each ot the three pel Liell pairs tonTain e/Ther 
(tll ov POEL, where Ill! indicaves Two pels that are part 
os the character |mage. 


Phase code F, [ ‘Riht) 

— Ejahl conse ahve vea’s in th's phase pravide the 
 Foraatiad for Re pinat half rf the ae *§ )mM aE + 
The returned words are formalfed (denticaly ty hose’ for 
He lett half of He characver excep] Har pe! fields 4 and 

will always contain BOO. This "because He ng ht two pes 
represe the space befweer characrers. 


IS 12 e 
bine ales 
(66) |e) 


Zee 
color | color | color | color 


3. Bit Map Mormal mode 


beg — consists ot fur ghases. refers they 
provide pel £ Pern ntirmar'en 7D th rad _ fers. b pb/s 
- luli Lades / pe for a space 

pel fe Tern contains a Une Tw0 thirds — He oe of 

a 


racer, ear TAree words oF e/ alern wt Uf Spear 
fw0 charackers / the Center word wyil 


Lon la/'n the 
right %& of the fret characver. and ae left % of the $e Cone 
tharac7er, The pre 


€ Lombsning Oo 
characyer Hh irds fy D Ring Wern maa ph odds ae 
those Tho PerTions . Since Ps ii Na disp ee 
mart remember thay words Fhe Ls "hr hte i heey 


are ConSe eguhive Ih membly ; Wher ae 8 descr iby'n oe 
Spaced LO words apart: 


rammer Page 


“nes of pels are 


Phase code 1 (‘Leff x4) 


The. er4 AT words of pairern In formarvon returned 
oy this phase | i's formaled' as el 


by By 7 Hap achgronnd 
a'splay moe‘ 
Ki 0 
el x : e/ x+! e/ x+2 elx+3 
va 


The. pels cepnesent the bt %% of the pepuesJed 
char ac7er's ery We Eack 4-b'F fie Con la/'n M1f er 
LLUE, where IY/ représtats a perhion of tke cAaracrer. 


Phase code 7 ("Right l,") 
The eight words from JAis dase represenT just 


the a tk an tre reé ues ted cAara n!s ImaALe >» The 
bites 7 ag eX eack word represents a space er nal’ 
(which are [den tioa/ oF Thty Are Foe nein Mal as felons’. 


eer or Ve Lo FE) 
char. ton FL - ar ae Bet ce 
fels — A or othe character have color code M1/, 


TK at words from tA,'s phase represen] 14ST 
the Jeff 4 the pegues ied Yad ter S jmage- e 

remainder of each Word re represents a Space’ or nul/, 

The formay ss a8 fo Ups } , 


hull / xt+b }) x+7 
dite figes)| fat en 


SPACE ae 
Pels representing a for tion of i of daracher have hr ee HY}, 


Phase code [I ("Right % 2 


The eh? words of $s Adee ye BEF the 
4 0 ake gues he hed dMarecter’ " é. [hey ar & 


h 
fahacaed” as re red by | bald ei pee : 


Pee ose Se 
celer »/er >for AAC Re” 


$P7AC 
fe/s representing a portion of He Px oye ae have color cocle Mi, 


Sa 


it Mer mal e 
pel patern aang refurped from read-back re ister 
Phase = Left 73, , ASCIl code =A correspending display 
q a) “ 


seqme 


word pos 


(ul 
Ypuly 
Yy 


—4 UG 


\ 


4, Dit Map Double Wid th mode 


TAis = Con sishs of tree AASES /ese/4en, they 
provide oe a ern Mnformahon 7 as enw iy ioe “/2 pes 
wide (aspich incledes 2 oes for a egy word 
rel f 5 Hern information ‘describes a ‘Une he oe of eg wd 
ot 4 characrer. Taree ly Oras A describe a Lrne che 
dayacter wide, Asm all E,? (aap displays Words describing 
hori sonta/ [nes of pes are ConSE Muhve in mem Lry ange 
Words Hest vi b/ Ve hcally a/ {a en? pels are spaced 
6D words apar7. 


tl ‘ v A, AY J Vi 
Vhase cod et Ss ( Left Third ) VUUSBYEEBLLLETAEL 


Lach of te etsh7 words provided Ate this 
hase has tel ee formas: 


color toler color color 
Rice apatites, Te 


FF or 6 FF or 6G 


Pe pairs represent n p perio of the Characfer 
will have Combined color Seld&s of A 


Phase code ide) - similar to above 


Phase code Dy (Right Third) 
Each of tke eight words provided by this pr7se 


. te following forma? 
/ x+9 e/ xt// 
ee’ [ok ae (ie 
space 


FF er eer OR FTE 


pel x+8 
color 


nen Object Pe ( Pa Perns aad Display Priority 


T £5 pf meV) ob ‘eels —r COm pe sed 0 f pe/s ne 

a 5/4 <eodlh arial pe J The ff - it, fini Ping obj ec] 
a (ok [auld ay vam bei A borin se ae the ge 
their au “0 acity - (pels 3 ide / the obj ut are mat rnatiovindl 
RBS 1 throws ‘RBS 3 sn MACTC sad? ortions of memory 
(called “ | pa erns ") define The sm * of the (6 wipe” 5 bie 
The. of omaiy in RES 3 Conlasn (n Jers 7D eack 
pel gaHerns Macrc. adds These! pointers To The 
{vi Chjech Base Alpes. yn resister B of RBS lip oF tke 

‘oll address 6 e/ fallen (see “$a Kon of 


be: 
ete Se ohio BS Cede” sp prec 


evns , Cat novi 

are a ererne? ay” Sfton ly Gish Bedelia fon. 
When the value of the M-Kes 4b, F Jn The seving ibjec? 
reseinggee reser yn es Lis ‘"@) tHe “marin ns objec? 


ai'spla a mecle “1s Low Kese/y Fan (“ke -Res*) hen: it via 
the, asplay 1s al k Resaa tion “hi~kes”), 


Lo ~ Kes mode 


Pe f/ pallerns iy nthe. Lo-Res peode alow for tw oF three 
, laden of color lend tale color) for eack of He pels forming the | 
movin jecT tat Penge -Two_ words. COMP rise Pa, 

Lo-Kes pel falter y words ite dina of pPele [6 x/b- pigs 

starting af ithe top lhe, Because of the Wary MACIC 

Through iT, Khe fale bry, mus? de4/n On 2 32- werd 

lek aleeyed” The hele for cack Two words ot pe/ palters 
ie ine folows: 


i ee 


st er esd } ea | : 

word I MSB of Calor 

word 1 LSB of Gor 
color code for . | 


color code for 
left pel right pel 


Corres pond! mg bits from both rep/sioes form 2 
zbit cofr' cece! for each pe. 7A fol pu ng table 
maps the Cohr C03 


colpr code color assigned 
OO “Absent “ colar 
© | Color 1 if Invrs=6 
“Invisible cofer if IWVIS=1 
/o Color 2 
hie Ce/or 3 


Co/ors fe R ard are these Aav'n inhices th 
Like tam bered Liells of the mowing bbieck’s alee 
in KBS 21i-¢. Glo 1 refers to the afte faleHe color whose 
index fs in Field 1 of The moving obiech's Blefe in RBS 2). 


Tle “Inwsble ’ hop |s avaeble as a vresul? of the 
Invrs dit being th in the itind objec? 5 farame/7ers pase 
yt Rie ibs It is Traaspa (ive. Colors Sekind | 3h ow 
Through ) bul st Cah dnTerac/ The : “Absen? * color 1s | 
also’ FransparenT, but iT _cannol interac? iT ‘isn’? There i), 
7h Abse tofer 3 Used fop “Carvi'n4 away” pr tyons of 
the /bx/ arid whch ao nor For wart of the | mby/ pbjec?'s 
jmeae, <The Invisible Coler 5 4seful tor octend S4e3// 
Ss chy abjechs such aS mena a. ty assure efebat Yibd 
Tere Hon a/theegs the “tonlac7 ” may Age plCurred 
between frame at plays - ; 


wr Ltt § ’ 


Hy- Kes move 
fel palferns th the hy -hes mode allow for four Chores 


of color ‘for each fair Ls o/s and for several /ere/s 

of [/uminance fer iit [Ae Way the laminance 
ace, (Ss Express apne at gps the pe/ 1's 
an pra ‘Body 9 Tan Bway pe/ has (fs BODY 
bit ef oes 1" and » ‘Fs pane pir is A moeaifies the Cofer's 


horwla/ /amihance ¥, that /s yy egies by its Y/BY/RY 

cirpinaace,. a: An Edge / has n ts BobDy ‘T e EVA 

or, and pg a a i A seals tn var(ous ra fy'o% ot 

blend ae € fuminance of v7 es wihKK the lminance 
the pe/ “behind “ iT: 


Sixty ~ four word's Compr sé bach A-f pel pallern, 
four poe er ee of He Lbxlt- -pe/ rid, pstbetley a 
i vb oar a MAGIC hhirchet CACK 
oy, vel f4 Werns mus? bart 6n @ ie Lord brandary, my 


forme’ of set st Fur re" of f* pe 1s ias Colo ws ' 
word ¢ MSB of Luminance 
/ LSB ot Lumnance 
2 BODY bit 
3 


Color bad 


deft pel par 


lewinaace code Sor 3 i | 


bit -sett pe/ 


The od table map the ee cee for cach of 
the f pe/ pairs : 


Color code. color Assi ned rb f/e 2 
GD Color 
é/ Color 
/0 Cohr 2 


The Folbwvi'ng tables map the [uminancle Cttle 
for each pel: 


Bed e/ (BoDY= |): 
IP rane oF Y value ot pe/$ color 
lami nance code 4-6 7-7 fb -12 13 -/4 


CO O 0 O © 

© | +2 -2 -4 -£ Value added 
(0 4-1 #2 2 -4 to pe/'s Y vahne 
i wae “2 


Edse pel (Body = 6); 
/umi nance Co%e [a minance assiqned 


O© % Absent ; Disi'sam ce 

6! M4Y+ %Y' if IVEs=9f 
"Tayisible aminance if INVVIS = v4 

/0 wY+ 51% 

// 44+ WY’ 


where ‘iis the ¥ Value i'h the 
CAV Oominance care of tke 
+ | “pear re/- 

The Absent and Javisible laminances are ana/oqous To The. 
Absent anc eg ey em de Ae needle e Hh ae of 
same paunyoses tor W-Kes, |TXe! “rear! /s 2 fe az io 
/$ bein t pvered' by an & e pel ot a Yikes ning gb ‘ec, 
It may’ be gart of Ke b em pert Cr part of 2 moving 
obi ect 1. (oer priority /e /, : 


friorifies 


When CA e ie ps obec? encounzers ke it e 
Har 


41 anp yn movi ng yf tke SCreen, the movin 


havin tA Aer prori Bvt asses ‘mw 
obec? ovr wind r wit] i 


"7 arg! eo” ~ wilA gryori ty keve/ 
py poise Than as Chi lity ae bac epi ants 


Chunvers That Pylon is the mbY*y'n oe a 
(35% “1, front” pf “Har back round Cs/er. aw sdb, 
That The Poe wilh Aigner (Ty level are G's aa 
instead /s of lowe pr hity fave/ rong Spb se 
Ann st mate Avice. ers moving objechs , ii Vv e/s 
o+ the ob have a ree? a Va <a He 
paced of epee been ‘5 es ber \, yo 
= the r ‘Opi if the ferms ‘fren 

L gd 5 ool i mt MV, refer ‘to 4, i Aigher a (pwer 
Errity fevels , respechive/y. 


Scale Fac7Yor 


The SRE of a MOVIN obiec7’ ima ée a The 
screen ma sen diminished Without a/terin 
or Sti FoAing ihe eo 7Ae (eihTies for ooing + bi 
are the X and ¥ Scale factor fields im the /hvir Obs ec7 
favameers reais fers ot ABS 1. MAGIC wil/ ren ov 
deh Cer Tain Anes or pels of the j 
or Shrink if by 4 sceve facior which “Why é T¥uleeh 
G.Sb626 an’ 8.0 ix 32 me ae, se d ange 
of size may be in the X Cher ont) an har teal) 

er 6 or both al bnle. By very in e scale fac el, 
Bs Time , one may Cause Tae mOVI nd rng te 3 Napproack © 

“recede” bn ‘the screen. 


Each Scale factor field is Chmpe sed of Two subfie/ds 
called Size (2+4iTs) ant 200M (3-bits): 


sie 


y entering anes from these two subSielas ints The 
Biosys formu/ 2, One May pew the SCa/e facior' 


SF = Ge” 


where | = 
SF i's the Scale Fi 4 Hor. 
Z }'s the ZOOM Va fue 
S is the SIZE vale 


(2-bits) G-bits> No, of pels 


SIZE ZOOM Scale Factor in Oh0 Cmension 
3 7 3,2 (28 
3 ¢ 7.2) | 2g 
z S 7,8 Pi 
3 4 bs 1@4 
3 3 ae 2) 1¢ 
3 a oF 8 8 
3 —C6E 4 
3 p 4.S 42 
2 7 4B bf 
2 6 4.75 Cy 
2 5 3.5 5¢ 
2 4 Pkg eA 
v] 4 3.6 4 § 
2 2 2.76 i 44 
Z | 2.6: 46 
Zz 6 Z.25° 36 
| 7 2.0 32 
! ( L378 36 
( 4 eid as 
if 4 A625 2b 
‘iz 3 a: oe oe 
/ = Bes | ee fe ae ee 

eee es AS 4 A chil ol od Abel ge 

iat Ser PLB 3-1. 1B 
la 7 : Mee | i 
pi ie iy nS | 

yi as 2 ee 14 
Ae flab 4 44 4 13 

Bea: — i il lo BX oi 4 [2 
p a 6875 | EL 
Vs 62S /¢ 
y p Sba5 


See | 


W/ord ressin 


a (torore la bFO00 adfresses by Yes of 


memor TAa 1S, jt QsSumes Coneg ative b TCS 
a ffer im address, by bne ana ae 4 hh words 
dytfer im addres two, MACIC, 6n the other hand, 


addresses ey of memory. | IK as SAmes tha * | 
CPHS - i words at¥er mm attress oy pne. The 

4 Ammer Cab ieee PETC reqisvers Dra 

ik 4 pas, trea! yng them as by 10s in mew bry) 
vat w Supp phan) adresses tv [bIC 

(or io tha MhkiC will use To construc? addresses), 
the a en mus? be Sure to allow for MAEZCS 
nethad f word AMITES Sin 4: 


The fields attected by Us conseeravion are! 
) @/ Biern fointers (boTh | boring abjec7 and back égroand) 
2) fel fadtern Base Addresses (» * © * ) 
3) Backar ound Address — 
4) Alpha Table Adtress 
pre _ len Suppl ; oily i rs ft es Fie: ty ee 47 
bf position within te fieh’ before wvitil 


ato the ‘MAGIC reqisyer or en erin iT in #2 
bee au Table en ry. 


! 


Screen Splits 


Screen spt'Ts are for The ores at divide 
Alpha and/or Graphyc csplays betbeen Two screens of 
thst each screen’ may Gntarn intormation “eT available 
on He other. _ The preges ramner controls this. feature 
thrown ee the fields ister M fn ws 7. Nor malty, 
This an sie rose eo woul be erbed pul, and he 


Eyorlays Dp dary po whuld have ere 
map lay ig Ki Ped, exangh bs iyustrave. The ex/en7s 
A dn 3 


Fer (spl bh 00 7h Yrleens 
a en ous Com ations. of Li ells in register ts 


are - g To nbn Pi An “A” and an arrow re reseal 
the exten? of Aha a, a splay nm as a” fr arro 
represen? the ‘exfeaT of bro aphic d's play. 7 

aor omy pit fy. 16 set (HO =/) fs all txa 


=. 
al/ unlisted rey/sTer “fiefs are / sang 
7D CDrlain 5ErO. 


A G AG 
Pri Sec 
ASEN=! 

CSEN =/ 

AG G 
split #1 
split ¥2 
Pr;  $ee 


ASEN=| AOEN=| 
GSEN=] GOREN < ie 


AG 
split ¥2 
| , se t?2 
Pri 


: F ASEN=| 


dnfeWel i de dod 


ASRV=/ 
GSEN=/ 
AG AG 
split *] 
split "2 
Pr; Sec 
ASEN=| AOEN=/ pepy, 
GSEen>] COEN=/ sail 
AG A G 
split ¥/ 
split "2 
Pri | Sec 


fri od oye: 5 aa 


Marcn £24, 1962 


Best Image W/Hi Res Cards Mode. 
16 Moving Gbjects © Me Line 
Hardware Capability 
1 Moving Object Any Color Move Against Rainbow Of Background. 
theck Antialiasing Of Moving Object. 
Hi Res Cards Mode - Move Objects (lines) Felative To Card Locations. 
Interactive Input Device. 


Superimpose Alpha On Screen Of Background & Zoom Background With ” 
Moving Objects That Are Moving. | 


Demonstrate Moving Cbject Zoom. 
Demonstrate Animation (With Antialiasing). 
3 Dimensional Objects - Rotatims. 
3 Dimensiqalty W/Shading, Etc. 
Interactions 

Split Screen 

Borders 

Scrolling In Larger Field. 

Square Pixel - Rotatimm Of Cbject. 
Normal Cards Mode. 

Bit Map Mode. 


°_ ADDED BY DAVE CHANDLER: 
“Split Screen 
A la Auto Race 
Alpha, Graphics 


Separate TV'S 


DC/db 


Marcn 20, 47“ 


l. Display a background scene in high resolutimn cards mode 
that uses a large number of colors. 
This should give us som feel for the picture quality that we 
can expect to see in the new unit. L | 
or evo eard 
—> 2. Have a moving object under user control (graphics tablet ommend 
Comémaiier) and move the abject over the background that was 
created above. | 


This will show how well Se 
and different colors. 


3. Animate the moving abject above. Test antialiasing again. 


4. Draw several slanted parallel lines across the background so 
that they are not an integer number of card widths apart. See if 
_there are any noticable buiiges in the lines caused by the color 
limitations in high resolutim cards mode. 


5. Add extemal video to the system. This is just to show if we 
have mechanized this properly. 


—> |6. Place 16 moving @jects @m me horizmtal scan line. This is to 
make sure that Magic has the time to handle all of the moving 
abjects. 

—»|7. Try to reuse each moving abject several times. This should show 
Our maximm apparent moving abjects and should give us a feel 
for how many we really need. This will also test the programmable 
interrupt. : 

—>|8. Reuse the moving objects while changing the color base for the 
moving objects. ‘This increases the anomt of wrk to be dme 


Perform a two-dimensional rotation on a moving cbject. This will 
show us if square pixels will do shat we hope they cen for us. 


Rapidly change the background through a sequence of several pictures. 
“This should give us a feel for the band width of the RAM. , 


Try to draw same good locking three Gimensimal abjects. See if 
shading gives us the effect that we want. 


ee eg Sayect Sn ae ee ee ee ee ae 
Y direction only. See if it locks good eax. 


13. Use the split screen option to display half alpha and half graphics. 
14. Send different displays to separate t.v's. 


15. In additim to the above tests, we need to be sure that software 
is developed to facilitate hardware debug. Every feature must be 
tested. A few of these features are listed below: 


Normal Cards Mode 

Total Color 

Interaction (If Done In Hardware) 
Scroll (Both Full And Half Screens 


ADDITIG’S : 
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From: Mike Spak Date: June 15, 1982 
Mail Drop: M2880 


Phone: 6624 


To: B.Wieder Subjects Mattel Custom (MAGIC) 
Die Size Estimate 


cc: &.Daniels 
$.Groves , 
T.Gunter 
D.McAlister 
H.Scales 
G.Schriber 
G.Walker 


The initial die size estimate for Mattel’s custom design, 
which is referred to 45 MAGIC (Mattel Advanced Graphics 
Interface Circuit), has been completed. The information for 
the estimate has been accumulated over approximately three 
days of engineering meetings with Mattel and from incomplete 
schematics of the emulator which Mattel is currently 
designing. This estimate is 67,600 square mils, which is 
equivalent toc 24 296 x 296 mil die. It corresponds to @ 
rough transistor count of 54,000 devices. The size is 
referenced to an “as drawn" dimension according to HmOS 
“Zeyout rules with @ ginimum thannel length of 5.5 microns. 
“Tis estimate is made with the wnderstanding that mot all 
gnformation Cin the form of schematics or deteiled block 
diagrams) ‘has been received ¢rom Mattel and, therefore, 
could increase if any additional functionality is deemed 
necessary. However, the estimate is submitted with the 
“Rhought that $¢ eccounts for alli functionality. The 
“window” feature is not included in this estimate since it 
29s not clear shat exact implementation is desired. 


Ppa ~—Sut ficient - information -does exist to make ean accurate 
"estimate despite the the fact that detailed design is still 
ongoing. This estimate reflects the particular 
architectural design which Mattel has explained. Littie 
deviation has been made ¢rom their functional description 
except where thought was given to ease MOS layout or 
implementation peculiar to mOS technology. For any "black 
box" function (1@., where PROM’s are used to minimize 


package count in the emulator) time was taken to derive a 
first pass logical MOS implementation to make a more 
accurate transistor count. This engineering estimate has 
been derived prior to actually doing any cetailed mOS logic 
design. Estimates are normally refined on two occaslone 
prior to actually beginning extensive layout design. 
Refinements occur when the logic diagram is complete after 
various timing problems are more thoroughly considered and 
then by layout designers in the process of doing detailed 
chip planning just prior to actually starting transistor 


layout. 


The methodology used in the estimate was to accumulate 
active die erea based on actual transistor count. This has 
been done in this case since no previous layout exists from 
a prior chip development. The transistor count for each 
particular function is then multiplied by 4 density factor 
to reflect how compact the function can be layed out in 
HMOS. This cumulative active area is then added to a 
routing overhead which is determined by multiplying @ 
portion of the active area by a certain factor. Large areas 
such as @ general purpose RAM or a large shift register 
structure have been assumed to not contribute to the routing 
overhead since they area fairly closed structure and the 
functional circuitry around the large structure is well 
defined and contributes its own routing overheac. Attached 
you will find a listing of various functions and the 
compiled transistor count and active area that is believed 
associated with that function. More detail can be provided 
as needed. To this cumulative figure is then added the area 
requirements for the 1/0 buffers corresponding to the 
particular pin configuration and for internal power bussing 
which is typically associated with this size of chip. 


The problem with trying to make a realistic estimate with 
this type of architecture, where there are roughly 130 
addressable registers by the CPU which contain control and 
data information for distribution throughout the die, is 
‘that excessive routing can blow out the chip size. That is 
why a good layout plan for this chip is considered critical 
in order to minimize routing. , The routing factor and 
density factors used in this estimate are ones typically 


#ound in good layouts. 


I welcome and encourage the opportunity to meet with Mattel 
to go over the estimate in detail for the purpose of making 
‘sure there are not any errors and that e11 circuitry is 
_accounted for in the estimate. 


Sincerely, 
Mike Gpak 


&%*k Area does not contribute to routing overhead. 


Die Area & Transistor Count vs. Function 


1. Video Generator 


a. 
db. 
Cc. 
d. 
2. 


YADJ ckt. w/ PLA 

Digital color filter * delay 
Rlue/red adder w/excess & ad). 
DAC input logic & mux 

Color palette ram + decoders 
sense amps 


SUBTOTAL 


>. Address Generation + Interrupt 


a. 
—— Be 
Ce 
d. 
e. 
¥ a 


Line interrupt + IPL2 logic 
AU, output latch, temp reg 
Table ptr, bese, excess reg 
Decoders, drivers, misc loegic 
Bus precharge + control 

M.0. barrel shift + control 


SUBTOTAL 


Zz. CPU Interface + DRAM Control 


a. 
b. 
Cc. 
d. 


DTACK wait reg + related 
68000 interface + addr FifA 
flock generation 


RAS/CAS + refresh ctr s 


SUBTOTAL 


‘@. Horizontal/Vertical Timing. 


2s 
. be 
az. 
29 Be 


7. ae 
ee 


. , 
Gag «t= — 
* a ee .,.., 


Wert ctr + PLA detect 

Horiz ctr + PLA * random logic 
Vert/horiz scroli # contr bits 
Vert/horiz split + contr bits 
Border control bits + iogic - 


- MSUBTOTAL 


Ss. Packground Gener ator 


a. 
b. 
Cc. 
dc. 
&. 


But shift register 41280 bits) 
Shift mux + 1/0 contr 

FIFO + output mux logic 

Date bus reg + decode 

Bond priority bits + logic 


SUBTOTAL 


6. Alpha Generator 


+S 


a. 
b. 
Cc. 
d. 
@. 


Vert ctr + FLA detect 

Horiz ctr + PLA + random logic 
Vert/horiz scroll + contr bits 
Vert/horiz split + contr bits 
Border control bits * logic 


SUBTOTAL 


5. Background Generator 


a. 
b. 
Ce 
d. 
e. 


Buf shift register (1280 bits) 
Shift mux + 1/0 contr 

FIFO + output mux logic 

Data bus reg + decode 

Bgnd priority bits + logic 


SUBTOTAL 


&. Alpha Generator 


Char rom + decode/sense amps 


&. Char rom in addr + shift bits 
c. Buf shift register {640 bits) 


d. 
e. 


Shift mux + 1/6 contr 
Readback bits + encoder 


SUBTOTAL 


7. Moving Object Generator 


i 
eee 
a. 


One moving object in array 
(1) Shift register ‘80 bits) 
(2) Reg bits +t decode/compare 
(3) Clock/priority/out logic 
(4) Routing overhead = »2x310 


SUBTOTAL (per object) 
SUBTOTAL (16 objects) 


Data Encoder ce 


Y zoom/airror AU + logic 
Interaction matrix 


SUBTOTAL 


8. 1/70 Pin Buffers 


Estimate with 8 mils internal power bussing = 


‘TOTAL ACTIVE AREA 
ROUTING ¢(.3 x 22370) 
TOTAL 1/0 + PADS 


FINAL TOTAL 


590 
719 
944 
676 
747 


3680 


7680 


960 
470 
240 


1270 
20320 


260 
278 
$222 


25080 


1470 


52350 


1470 


53820 


296 x 


52850 
#710 
23502 


83060 


296 


RE 


(288x288) 
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HIGH RESOLUTION CARDS MODE 10/30/81 
Note: References to this problem pages in my 


are on 
notebooks dated page before 10/30/81; 11/17/81; 12/2/81 and 
several pages 12/17/81. 


The NTSC composite color video signal takes advantage of the 
eyes limited (compared to luminance) ability to resolve 


color. To this end the chrome components are limited to 
aproximately 0.5 MHz while the luminance uses about 3S MHz. 
These are bandwidths that are currently realized in 


practices the standards allow slightly greater bandwidths. 
1¢ I might make an analogy, the results are very much like 
using @ fine brush to paint @ detailed picture in shades of 
gray and then using @ much broader brush to add the color. 
On a TV again, even though the color information is lacking 
detail, the picture looks sharp and clear because the uses 
the luminance to decide edges and detail. When the color 
spilis over the edges and smears the eye ignores it, 
thinking that it is correcting its own problems and not 
those of the TV- 


What has all this to do with TV games? As we improve the 
resolution of the TV games; the pixel size gets smaller than 
the chrominance bandwidth can pass. Thus, if each of the 
pixels is a different color much of the information that is 
stored and sent to the TV is lost in the process of being 


can optimize the data storage requirements and better match 
the information carrying ability of the NTSC (and PAL and 


SECAM) signals- All of this adds up to better pictures at 
less cost. 


The basic plan is to group the pixels and give @ color to 
each group- To put the detail ins the luminance level of 
each pixel will be specified to add shadows and highlights; 
perform antialiasing and define the edges for the ey®- 
Since we are going to arbitrarily group the pixels, there 
are going to be cases where more than one color is present 
in a group- In this case the color assigned to the group 
will be that of the majority (except in @ few special cases, 
primarily involving narrow lines against 4 different color 
background). How does the eye know that the few pixels are 
of a different color? Very likely, there will be other 
pixels of the same color next to, above or below them. The 
plan is to make their luminance levels -match that of their 
friends and the eye will do the rest- The number of pixels 
grouped together should bear some relationship to the color 
resolution; certainlys it would be wasteful to use more than 


Fk 
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twice the resolution and using less than the color 
resolution will degrade the picture. fhe exact ratio will 
likely be determined some other system requirements. 


= specific implementation of this method is the High 
Resolution Cards Mode proposed for MAGIC (Mattel Advanced 
Graphic Interface Circuit). For MAGIC the normal resolution 
cards mode will consist of 24 rows each 40 cards liong- Each 
card will contain 8 lines of 6 pixels each. Each card will 
be capable of displaying i of 4 colors at any pixel 
location; these colors will be 4 out of 16 stored in the 
color palette RAM map. Since we will be using a ié bit wide 
data bus to the RAM, it will be easiest to get 16 bits for 
each line of each card. Each line of a card is 6 pixels 
wide; the 16 bits are taken two at a time to select 1 of the 
4 colors from the card color map. For 6 pixels this only 
requires 12 bits leaving 4 bits unused. 


In High Resolution Cards Mode, we find a use for those extra 
4 bits. By grouping the pixels into two groups of three, 
the color for both groups can be set using the extra 4 bits. 
This grouping results in @ chrominance sample rate 
approximately four times the NTSC chrominance bandwidth. 
The remaining 12 bits in the 16 bit word are used, at two 
bits per pixel, to modify the luminance level. In MAGIC the 
output DAC has four bits of input and hence 16 levels 


output. Eleven of these are used for gray scale. The two 
bits assigned for luminance adjustment define four 
adjustment levels. One of these is no change from the 


luminance specified in the color palette RAM map. The 
remaining codes functions depend on the luminance level 
specified in the color palette (4 through 14 are the codes 
for the 11 gray scale levels): : 
6‘ 2 il 
Level x Adjustment Available (‘gray scale levels) 
+6 


: to 9 0 —2; +2, +4 
10 to iZ C —4, -2; +2 
13 and 14) —6s 4s =—2 


In this specific case the technique uses the same amount of 
data more efficiently, allowing better pictures; in other 
cases the amount of data for the same picture quality could 
be reduced. While in this case @ relatively complex method 
is used to adjust the luminance level, other methods 
including, but not limited to, fixed adjustments up and down 
and absolute luminance specification could be used. 


A software/hardware simulation of the High Resolution Cards 
Mode as described above has been completed with excellent 
results. 
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